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THE ANATOMY OF THE STYLETS OF CAMBARUS 
AND OF ASTACUS. 

E. A. ANDREWS. 

In all the crayfishes, Cambarus and Astacus, of the northern 
hemisphere, the limbs of the first and second segments of the 
abdomen of the male are modified in a peculiar way and are 
used as instruments to transfer the sperm from the defferent ducts 
to the outside of the body of the female. These limbs we will 
call the first and second pairs of stylets. 

In Cambarus it was found (1,2) that the stylets place the 
sperm within a special sperm receptacle in the shell of the female. 
In Astacus, as far as is known, the stylets deposit the sperm over 
the shell of the female in secreted tubules, or spermatophores. 

While the stylets are much alike in the two genera the follow- 
ing study shows that the parts directly concerned in the passage 
of sperm present two stages of perfection, those of Cambarus 
being the more specialized. The first pair of stylets are firm, awl- 
like structures, which in Astacus are evidently comparable to a 
rolled in plate, while in Cambarus they seem solid with only 
a superficial groove. But we now find that this groove is the 
outlet of a concealed tubule and that in Cambarus also the organ 
may be regarded as a modified plate. 

As the second stylets are much alike in the two genera and 
have a subordinate role to play in the process of sperm transfer 
we will consider chiefly the first pair. 

It is a remarkable fact that the first stylets in these cray- 
fishes present specific differences so that the systematist relies 
upon the forms of the stylets as an important aid in the descrip- 
tion and identification of species. The figures of Hagen (3) and 
of Faxon (4) show the great amount of diversity in proportion 
and in character of termination in many species of Cambarus. 
But despite this diversity in form the following description of the 
first stylets in four species taken at random and representing 
four of the six subgenera of Cambarus makes it probable that in 
all species the; stylets have the same essential anatomy and use. 
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We will first describe the stylets of Cambarus and then those 
of Astacus. 

In these reduced limbs (Figs, i and 2) we may distinguish the 
base (5), the neck (iV^) and the spiral (5) which is the region 
with a somewhat spiral lengthwise groove bounded by hard 
rounded edges that run out to form the two tips of the whole 
organ. It is this bifid appearance of the limb which has been 
most emphasized in descriptive work. One of the tips may in 
this species be called the spatula (5/>) from its shape. The other 
tip (C) may be called the canula, as it is a termination of a tube 
and is inserted into the sperm pocket of the female and allows 
the sperm to pass out of its tip. Of the two apparent tips of the 
limb, one, the spatula, is thus a side outgrowth of minor im- 
portance ; the other is the real morphological and physiological 
end of the organ and of fundamental value. 

The groove that runs along the length of the spiral region 
begins at an orifice (Cr) and ends at the extreme tip of the canula. 

We may regard this groove as dividing the spiral region into 
two parallel portions, the external mass (^Ex.m.) and the median 
mass (M.m.), external and median being used with reference to 
the median plane of the entire animal. 

In Cambarus virilis (Figs, i and 2) the stylet is exceptional in 
the great elongation of the spiral region, the spatula being very 
much prolonged and the canula a curved, ovipositor-like struc- 
ture. The tufts of setae at the junction of neck and base and 
upon the median mass near the orifice are also long. 

Cross-sections (Fig. 3), at the level 3 of Fig. 2, show that the 
external groove of the canula passes deep into the interior and 
has its inner end partly cut off as a tubule by a ridge or shelf 
which projects like a valve from the side of the groove. Serial 
sections show the same general facts throughout the length of 
the spiral. There is thus a continuous tubule from the orifice to 
the tip of the canula. 

While the stylet has most of its exoskeleton firmly calcified, 
as represented by the black in the section, the tips of the spatula 
and canula are partly horn-like. In the median mass this horn 
extends some distance toward the base, as represented in the 
dotted area in the figure. The shelf that overhangs the tubule 
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is also of horny and not of calcified material and thus may the 
better make a closure of the tubule. 

The living tissue of the stylet was found to be a loose areolar 
mass full of blood spaces and covered by a thin epidermis that 
makes the exoskeleton. This tissue filled the vacant space in the 
external mass in Fig. 3. 

Excepting the muscles in the base that move the whole limb 
upon the body there are no muscles within the stylet, but on the 
other hand there are largely developed glands in the swollen 
proximal parts of the spiral. These glands discharge through 
the shell into the tubule not far from the orifice. 

In Camdarus diogenes, which belongs to the subgenus Bar (onius, 
the stylets (Figs. 4 and 6) have a very different appearance owing 
to great shortness of the terminal portion of the spiral. The 
base and the neck remain much as in C. virilis, but the spatula 
and the canula are very short and thick with the tips turned up 
dorsally (Fig. 4). They are also much flattened, and are thus 
very narrow as seen from the posterior face (Fig. 6). 

Practically the whole length of the canula and much of the 
spatula are horny. A section across the canula (Fig. 5) shows 
the shelf from the external mass {Ex.tn.) and the isolated bottom 
of the groove. It also shows that the median mass (M.m.) has 
exaggerated the tendency seen in C. virilis (Fig. 3) to grow over 
the groove, to such an extent that it runs over the shelf of the 
external mass and so makes the closure of the tubule a very com- 
plete one. 

The horny tip of the canula shows its finer structure more 
readily than in C. affinis and we see under higher magnifications 
that the horny substance presents lengthwise striations on the 
surface, which at the tip give place to areolations suggesting 
scales. Possibly this slight roughening of the tip of the canula 
may be of some use in cleaning out the orifice of the sperm 
receptacle. 

In the southern form, Cambarus Clarkii, the first stylet is the 
antithesis of that of C. virilis for the terminal parts of the spiral 
(Fig. 7) are- so greatly shortened as to form a flat mass that is 
largely horny and though bent upward, somewhat as in C. 
diogenes, more complicated at its tip. 
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The setae are short but form very long rows. Those of the 
base extend along the neck far up onto the external mass and 
those of the median face run nearly its whole length. There are 
also some additional setae upon the dorsal face near the tip as 
seen in Fig. 8. 

In following the groove (Fig. 7), we find that after it passes 
the very slender and insignificant spatula it turns ventrally to end 
on a blunt protuberance indicated in the dotted area in Fig. 7. 
There is left a large protruding mass external to the spatula, 
which is indicated in parallel shading, and which is evidently 
part of the median mass that does not extend to the very tip of 
the groove. Thus the tip of the stylet is bifid ; the blunt part to 
the right in the figure is the canula and the part to the left is a 
sharp blade formed from the median mass beyond the spatula 
and this we will call the scalpel, from its shape and its probable 
use in opening the very firmly closed and constricted slit of the 
annulus in the females of this species. The scalpel is apparently 
well placed to cut open the orifice of the annulus (see /, Fig. 24). 

The character of this condensed terminal region is better seen 
in the enlarged view of the external face of the tip (Fig. 8). 
The scalpel, to the right, bears the above-mentioned setae at its 
base and has a sharp convex edge. 

It is set off from the canula by a depression. The canula itself, 
as seen behind the outer parts of the setae, is shghtly bifid in this 
preparation but in dried specimens it ends with a terminal orifice. 
While the stylet has two elastic tips the canula ( C) and the 
scalpel (^Sc) they are so near together that both might readily 
enter the orifice of the annulus. 

On cutting sections of this unusual stylet we find that the groove 
has its bottom cut off by a shelf (Fig. 9), just as in the other 
species. But the tubule so formed is so minute and so deeply 
buried that it is easily overlooked. A section (Fig. 9) taken 
near the base of the spatula at p (Fig. 7) shows the median mass 
so extended as to make a sharp blade, the scalpel (Fig. 8). 
And moreover the shelf that arises from the external mass, at 
this level, points away from the median mass, so that the section 
is not readily compared with that of C. virilis (Fig. 1 3). In sec- 
tions the horny shelf can be traced down from the free edge of 
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the end of the canula and represents the edge of the external 
mass along the side of the groove, but before the orifice at the 
base of the spiral is reached the shelf disappears and does not 
continue on as part of the lip of the orifice. 

Within the minute tubule a small number of sperms were seen. 

The use of these organs in the processes of sperm transfer 
was seen to be the same as in C. affinis. In brief the phe- 
nomena were : The hooks of the third legs hold the male 
firmly to the female. The male holds the claws of the female. 
The first and second stylets are locked together and the fifth 
leg is crossed. The pleopods are swung back and forth. The 
second stylet glides a millimeter or so up and down the first, 
with its wedge in the groove. Occasionally jerks of the base of 
the abdomen rnake slight hammering thrusts of the tip of the 
stylet-complex. While both stylets present their tips to the slit 
of the annulus it seems difficult for both to enter at once since 
the slit is median and not transverse. The exopodite of the 
second stylet shows some slight twitching movements. The 
female pleopods of the first somite extend over the annulus and 
touch the setose palp of the stylet. On removing such a con- 
jugating male and placing the fifth leg across to support the 
locked stylets, sperm issued from the hole at the tip of the 
canula and in a few minutes sperm came out of the tips of both 
papillae. In separating a pair one stylet was very firmly 
fastened in the annulus and tended to pull the annulus away 
with it. This stylet had shoved the annulus up into the body of 
the female as far as possible. This attached stylet was on the 
same side as the crossed fifth leg. 

Camharus MontezumcB is a representative of the subgenus Cam- 
barellus from Mexico, and should present, in some respects at least, 
a more nearly ancestral state than the above species. 

Nothing is known of the conjugation habits, as the species is 
known only from preserved specimens. The male has two hooks 
on each side, and presumably both are used as is the one in C. 
diogenes. These hooks (Fig. lo) are on the second and the third 
legs and are like those of C. affinis but less blunt. Those of the 
third legs are the longer, sharper and more specialized in form. 

The stylet (Fig. 1 1) is short and simple, with the usual tuft of 
setae absent from the median face which is very wide and flat. 
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The spatula {S/i} is very large and hollowed on the median face 
to form a wide spoon. The canula (C) is sharp-pointed and 
somewhat curved, with a horny tip that plainly shows the groove 
running to it and opening by a hole. There is also a new out- 
growth (Z) that has the form of the spatula of C. virilis but arises 
from the external mass, half way between the origin of the spatula 
and the tip of the canula. This new outgrowth we will call the 
ligula. 

Cross-sections of this stylet (Fig. 12 at the level 12 of Fig. 11) 
show the presence of a shelf that cuts off the bottom of the groove 
as a tubule, similar to that in C. virilis. This shelf has the same 
yellow, homogeneous appearance. This section shows the long 
flat extension of the median mass that forms the base of the 
spatula and the shelf at the bottom of the overhung groove. 

In the section (Fig. 13 at the level 13 of Fig. 11) we see the 
orifice and in the median mass [M.m.) glands with one of the 
tubules discharging through the exoskeleton into the groove. 

This specimen seems to have been about to shed, so that the 
exoskeleton is represented rather schematically in the sections, as 
it was broken or laminated. 

Turning now to the genus Astacus, to which all the European 
crayfish belong, the process of sperm transfer is known only 
from the brief accounts of Soubeiran (5), Chantran (6) and Hux- 
ley (7). From them it appears that the males seize and turn the 
females and mount them, but the subsequent stages differ from 
those in Cambarus in the fact that there are neither hooks nor 
annulus, and thus no transfer of sperm to any sperm pocket ; on 
the contrary, the sperm passes out of the stylets onto the sternal 
surface of the female in the form of spermatophores. These 
subsequently liberate the sperm at the time of laying in some 
unknown manner that Whitman (8) states was referred by 
Leuckart to the compession of the walls of the spermatophores 
and by Meyer to the action of the secretion that fastens the eggs. 
That the same general method is followed by the Astacus of the 
west coast of the United States seems undoubted from the simi- 
larity in the anatomy of the organs concerned and from the fol- 
lowing observations. 

Amongst female crayfish of the species A. leniusculus, received 
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from Oregon in February, or in October, 1904, there were a few 
that presented the remnants of spermatophores on the ventral 
surface of the thorax. In the best marked case these were some 
hundred empty tubes, 3 to 4 mm. long, and more than .25 mm. 
thick, of red-brown color, stuck close to the shell of the female 
for the most part, though some had one free end standing up 
about a millimeter into the water. Most were laid down carefully 
side by side in groups. Some few were twice the usual length. 
A few were on the base of the second leg, on one side ; more 
were at the base of the third leg and close to the opening of the 
oviduct. Still more were at the bases of the fourth legs and 
between them just anterior to the annular plate, onto which two 
spermatophores extended. Two were on the sternum between 
the fifth legs. The entire collection, in a sketch, forced one's 
attention to the fact that they had either been originally placed 
in depressions and angles where they would not be readily rubbed 
off, or else that these seen were the survivors that had escaped 
removal after more unprotected spermatophores had gone. Each 
spermatophore had its tips greatly contracted, as if a soft material 
had shrunk more at the end, somewhat like egg-cocoons of earth- 
worms. 

Thus the male of the American crayfish Astacus must deposit 
the sperm in tubes over the ventral side of the thorax of the 
female, and not introduce it into any special cavity. 

In comparing the sperm-transfer apparatus here with that of 
Cambarus we find greater simplicity, as was to be expected for the 
performance of this less specialized mode of transfer. 

The first stylet of this A. leniusculus (Fig. 14) is like that of 
the English Astacus, as figured by Huxley (7) in the main, while 
also being like the stylet of Cambarus. The base is simple and 
without the specialization of form to nicely accommodate the 
second stylet, but the ridge along the neck bears setae. The 
spiral is obviously a hollow cone or tapering scroll with a very 
wide orifice between the long external, and the shorter median 
mass. The groove is much more open than in Cambarus and 
the whole organ is less rigid and seems as if well made for a mere 
conduit and not for an organ to be forced into a hard slit. The 
stylet is not noticeably bifid and the rather blunt tip is the canula 
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while the spatula and all other lateral outgrowths are absent. 
Huxley says of A. fltiviatilis, "terminal half of the appendage 
is really a broad plate, slightly bifid at the summit, but the sides 
of the plate are rolled in in such a manner that the anterior half 
bends around and partly encloses the posterior half. They thus 
give rise to a canal, which is open at each end, and only partly 
closed behind." In A. leniusculus this overlapping of the one 
part by the other has proceeded much farther, so that in Fig. 14 
we see the anterior, or median, mass has covered in and concealed 
the external mass through all the terminal extent. 

In sections this extensive inwrapping becomes at once patent. 
The section 1 5 shows a widely open canal closed in not only by 
the rolled median mass but internally by an opposite rolling of 
the external mass ; that is, the hypothetical plate, of which the 
terminal part of the stylet is composed, has both its edges rolled 
in, first, the external edge and then the median edge outside the 
other. Both flaps come so close together that near the tip of the 
canula 1 5 (Fig. 14) the central tube is well shut off from the water 
(Fig. 15). Contrasting this with Cambarus (Fig. 3) we see that 
in both cases there is a horny plate in rolled, but in Astacus, this 
is much like the rolling up of a sheet of paper, while in Cambarus 
it is the buckling up of a thickened mass whose edges meet over 
a groove. Cambarus shows the derived, the more special, the 
less mechanically direct sort of inroHing. 

Farther down the stylet (at 16, 17, 18, of Fig. 14) the rolling 
is more and more imperfect (Figs. 16, 17, 18). These figures 
show the rather thick calcified shell and the usual connective 
tissue, but the absence of glands is conspicuous. Also the edge 
of the external mass becomes specialized ais a sharp shelf that 
overarches the large central canal, while the enveloping median 
mass still overlaps the external mass and makes the closure of 
the canal a more firm one. 

In Fig. 1 7 there is a complexity of the canal that exists for a 
short distance and may prove to be of some significance when the 
process of sperm transfer can be studied. There is a narrow 
side-slit from the groove, to the right in the figure, which is made 
by special thickening of the shell of the external mass. That is, 
there is a ridge along the bottom of the groove. With this ex- 
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ception, there is nothing to suggest the minute inner part of the 
groove of Canibarus and the large hole covered by the shelf must 
be the homologue of the tubule of Cambarus. 

The obvious suggestion that the canula is derived from a rolled 
plate is unfortunately supported by no actual observation, though 
the icvi following facts regarding the development of the stylet in 
A. leniusculus show a simple beginning that may well later suffer 
a process of inrolling. 

A larva 19.5 mm. long, shedding from the fourth to the fifth 
stage, showed on the cast the two minute papillae seen in Fig. 19, 
growing toward one another on the ventral ridge of the sternum 
of the first abdominal somite. That these are the first stylets of 
the male is indicated by the fact that in larvae killed in the middle 
of July and presumably in the fourth and fifth stages nine showed 
no outgrowths and were probably females while six showed out- 
growths similar to these in Fig. 19. These little stylets differed 
much in the different males. 

In larvae from 20 to 26 mm. long the stylets differed in size and 
form from the state shown in Fig. 19 to that shown in Fig. 23. 
The state of advance of the stylet was not parallel to the length 
of the larvae, thus a male 26 mm. long had the stylet much as in 
Fig. 19, while one 25 mm. long had them as Fig. 23. A male 
20 mm. long had the stylets shown in Fig. 20 ; they were some- 
what flattened papillae pointing toward one another. Fig. 21 
shows the left stylet from a male 23 mm. long and Fig. 22 that of 
a similar male. The most developed stylet (Fig. 23) is not only 
flattened but its posterior face is somewhat concave and shows on 
its median edge, to the left in the figure, a slight notch to repre- 
sent the future neck (compare Fig. 14), while the median edge is 
thickened as if it might grow up to form the enveloping median 
mass to cover over the flattened or concave part that would be 
the groove. The whole organ is then a stiff flat spoon and is 
remarkably like the stylet of the American lobster in miniature. 

At the tip of the stylet is a minute protuberance tipped with a 
spine and suggesting a sensory function (Fig. 23). This was 
found on the stylet of the opposite side, but not in any of the 
stylets of other males, which were all less advanced.^ 

' The general proportions of the longest 26 mm. male may be seen from the fol- 
lowing measurements : The length of antennae 26 mm., the chelie 18 mm., the width 
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While the first stylets of both Cambarus and Astacus show 
neither in their anatomy nor in their ontogeny any sign of 
derivation from the typical forked crustacean limb this is not the 
case with the second stylets. These remain forked in the adult 
and we shall see that they arise from the modification of an ordi- 
nary pleopod by the addition of a lateral outgrowth, while the 
first stylet would seem to be derived by the dropping out of 
part of the typical limb and by the condensation of the rest. 

The second stylet in Cambarus bears a setose exopodite and 
endopodite that are fringed with setae and contain muscles that 
move these forks of the limb upon the basal part. In the develop- 
ment of the larva there is added to the simple limb an outgrowth 
from the endopodite that finally becomes the peculiar excres- 
cence characteristic of the second stylets of the crayfish. 
These outgrowths are applied by the adult male against the 
orifice of the first stylet and play an important accessory role in 
the processes of sperm transfer. 

In Astacus the second stylet (Fig. 24) is much like that in 
Cambarus. It has a slender exopodite {Ex) and a wide endo- 
podite {Eri) that ends in a setose filament (Fl^. But the lateral 
outgrowth, or excrescence, is different. In Cambarus this part 
may be called the triangle and it ends in a rounded free edge that 
is inserted into the groove of the spiral of the first stylet during 
sperm transfer. This thick edge is somewhat comparable to a 
radius bone and ends with a hollowed head. Distal to this radius 
the triangle is continued as a pyramid, bearing setae : this pyramid 
we call the " wedge." 

But in Astacus (Fig. 24), the triangle (TV) suggests an extin- 
guisher in form since the wedge {W) is a direct continuation of 
the edge of the head of the radius in the form of a curved plate 
as indicated in the smaller figure to the right. The wedge {W^ 
is not a pyramid at all but a thin, rather pointed plate, curved 
around a deep depression to join the edge of the radius {R) as 
shown in Fig. 24. 

of thorax 8 mm. (in alcohol), of telson fan II mm., of telson 3.5 mm., of setse on 
telson 1.5 mm., number of joints in antennae 75 plus. The stylets were about 2 mm. 
and the second stylets 4 mm. apart. There was a rounded area and a dim white 
organ within base of fifth leg, indicating the defferent duels of the male, probably. 
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From the state found in this Astacus, the more "extinguisher-" 
like shape found in the English Astacus could be formed by a 
process of simplification, or reversal of specialization, just as is 
true for the first stylets. The above mentioned larvae of Astacus 
leniusculus furnished but meager facts bearing upon the ontogeny 
of the second stylet, but this is enough to establish the existence 
of an early modification of the median edge of the endopodite to 
subsequently form the triangle or scroll. The second pleopod 
is at first like the following ones and only gradually takes on the 
specializations that make it an accessory sperm-transfer organ. 
The earliest detected modification of the endopodite was a slight 
groove followed in larger larvae by an elevation on which the same 
groove was seen. How this groove on an elevation gives rise to 
the triangle remains for study of later stages to decide. 

In Fig. 27, which is the anterior face of part of the second 
pleopod of a male, there is a marked protuberance on the median 
side of the endopodite, and this contains a lateral groove. In 
some other males the groove was present, but not the elevation. 
Thus Figs. 25, 26 represent the anterior and the posterior faces 
of the edge of the endopodite of a male 23 mm. long, showing 
only the exoskeleton and the plumose setae. The groove is a 
transverse pit which ends abruptly on the anterior face of the 
endopodite ; it is bounded distally by a slight lip-like transverse 
ridge standing out into the water. 

There is thus a transverse pit on the median face of the endo- 
podite at the region that will later be part of the triangle (com- 
pare Figs. 27, 24). The cells of the epidermis were small and 
ran in as a single layer to line the pit and extend into the lip as 
a solid mass. 

In the more advanced stage Figs. 27, 28 this same pit is on a 
decided elevation. The pit is a transverse slit still lined with 
epidermal cells (Fig. 28), but its distal edge is no longer a lip but 
only part of the general elevation. This male was the one having 
the advanced first stylets seen in Fig. 23. The posterior view 
(Fig. 28) is intended to show the epidermal cells in surface view as 
well as in optical section and also the fact that the pit opens 
gradually onto the general level on this posterior face, while on 
the anterior face it ends abruptly at a steep wall lengthwise of 
the endopodite. 
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No doubt the general elevation later becomes the triangle and 
is comparable to the knob found in Cambarus, but the meaning 
of the lateral pit is problematical. Possibly it is the forerunner 
of the cavity at the end of the triangle which gives it the extin- 
guisher-like form, and which being still more prominent in the 
English Astacus may be an old trait that would more likely find 
expression in the older genus, Astacus, than in the newer one 
Cambarus. 

By way of summary we will state that the first stylet of these 
crayfishes, Cambarus and Astacus, has the anatomy of a pleopod 
that has lost both its biramous form and its intrinsic muscles and 
has become a nearly closed tube. In its physiology it is essen- 
tially a tube to transmit the sperm from the male to the female. 

The ontogeny throws little light upon the phylogeny of the 
organ since at its first appearance in the larva it is already a 
simple papilla, which in Astacus becomes a flat plate that then 
rolls in to form a tube while in Cambarus it forms a tube by 
thickening of the edges. 

The apparent simplicity of the first stylet in Cambarus misled 
Hagen (3, p. 17) to regard it as having lost its channel save for 
the external groove, while in reality there is a functional inner 
tubule. 

The anatomy of the first stylet of Cambarus gives a firm basis 
for the interpretation of the various terminations of this organ as 
exhibited in different species and made use of for detecting genetic 
relationship as well as specific characters. It will be necessary 
to restudy the stylets of all Cambari to determine in how far the 
accepted morphological division into " inner " and " outer " parts 
is a sound basis for comparisons. In each species the canula, or 
real termination of the organ, must be distinguished, and the 
various secondary outgrowths classified as to their origin from 
the two sides of the groove that ends at the tip of the canula. 
With this knowledge a more scientific understanding of the genus 
may be possible. The "outer" part seems to be the canula or 
real end of the organ and the " inner" part only a lateral out- 
growth from one side of the canula. The two are not of equal 
import.* 

' In practice stains that enter the canula tubule will aid in recognition of the 
canula without the need of sections. 
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The second stylets of Astacus and of Cambarus have the value 
of pleopods that have merely added a lateral outgrowth which 
arises in larval life and serves as an accessory organ in sperm 
transfer. 

It is evident that the stylets of the species of Cambarus studied 
are much more highly specialized than the stylet of the American 
Astacus studied and this in turn seems less generalized than the 
Astacus of Europe. 

The stylets of Cambarus could be readily derived from those of 
Astacus by specialization. The addition of glands, the strength- 
ening of the shell, the refinement of the conducting tubule and 
the perfection of the accessory stylet in Cambarus may all be 
regarded as correlated with the presence of the annulus and 
sperm pocket in the females in this genus : the more accurate 
apparatus of the male Cambarus being used for a much more 
specialized task. 

The first stylets in both genera might be derived from a flat 
stylet similar to that in the lobster where, probably, the two, 
right and left, are used at the same time to fill the sperm 
receptacle. 

Upon this assumption we would regard Astacus as having lost 
some sort of a sperm receptacle which has been retained and 
perfected by Cambarus. 
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Explanation of Figures. 

Fig. I. Catnbarus virilis : I, posterior face of left stylet of adult, 2a^ ; 2, median 
face of the same, za^, ; 3, cross-section of the stylet at the level, ^pf. Fig. 2, 2A. 
Cambarus Diogenes : 4, median face of left stylet, 2a^ ; 5, section across the above 
at the level, 5, 2 A ; 6, posterior face of the left stylet, 20^. Cambarus Clarkii ; 7, 
median face of left stylet, 20^^ ; 8, enlarged view of external face of tip of left stylet, 
2, 90 mm., A ; 9, section across stylet at level, 9, of Fig. 7, 2A. Cambarus monte- 
zumie : lo, bases of second and third left legs, showing hooks, of male 30 mm. long, 
anterior view, ^(7^; II, median face of left stylet, 2, 90 mm., A ; 12, cross-section 
on the level 12 of Fig. 11, 4A ; 13, cross-section of same on level 13, 4A. 

Fig. 2. Astacus leniusculus : 14, posterior face of left stylet turned to show 
somewhat of the median face, 2a^ ; 15, section across the above at the level 15 of 
Fig. 14, 2D; 16, cross-section at the level 16 of Fig. 14, 2, 90 mm., A ; 17, cross- 
section at the level 17 of Fig. 14, 2, 90 mm.. A; 18, cross-section at the level 18 
of Fig. 14, 2, 90 mm., A ; 19, papillae, or stylet on the first abdominal somite of lar- 
val shell passing from the fourth to the fifth stage. Length of body, 19.5 mm., 2, 
aa ; 20, stylets of a male 20 mm. long, 2, 90 mm., A ; 21, left stylet of a male 23 
mm. long, 2A; 22, stylet of a male like the last, 2A ; 23, left stylet of a male 25 
mm. long, posterior face, 2A ; 24, second, or accessory, stylet; anterior face, some- 
what turned to show the external face in part, 2a^ ; small figure to the right is the 
enlarged end of the radius ; 25 , part of the edge of the endopodite of the accessory 
stylet of a male 23 mm. long, anterior face, 2D ; 26^ posterior face of the same, 2D ; 
27, anterior face of the endopodite of the accessory stylet of a male 25 mm. long, 
2A ; 28, cell outlines over elevation and pit of the edge of the endopodite of above 
stylet, 2D. 
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